This review focuses on the main acoustic adaptations that have evolved to enhance social communication in ants. We also describe how other invertebrates mimic these acoustic signals in order to coexist with ants in the case of mutualistic myrmecophiles, or, in the case of social parasites, corrupt them in order to infiltrate ant societies and exploit their resources. New data suggest that the strength of each antemyrmecophile interaction leads to distinctive sound profiles and may be a better predictor of the similarity of sound between different myrmecophilous species than their phylogenetic distance. Finally, we discuss the evolutionary significance of vibrations produced by specialized myrmecophiles in the context of ant multimodal communication involving the use of chemical and acoustic signals in combination and identify future challenges for research including how new technology might allow a better understanding of the study systems.
This review focuses on the main acoustic adaptations that have evolved to enhance social communication in ants. We also describe how other invertebrates mimic these acoustic signals in order to coexist with ants in the case of mutualistic myrmecophiles, or, in the case of social parasites, corrupt them in order to infiltrate ant societies and exploit their resources. New data suggest that the strength of each antemyrmecophile interaction leads to distinctive sound profiles and may be a better predictor of the similarity of sound between different myrmecophilous species than their phylogenetic distance. Finally, we discuss the evolutionary significance of vibrations produced by specialized myrmecophiles in the context of ant multimodal communication involving the use of chemical and acoustic signals in combination and identify future challenges for research including how new technology might allow a better understanding of the study systems. © 2016 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved. Efficient communication to coordinate the actions of up to a million specialized nestmates is fundamental to the success of social insects, especially ants. Various modes of signalling have been identified, including the release of semiochemicals, visual behavioural displays involving movement or posture, tactile interactions, and the comparatively poorly studied use of acoustic signals (H€ olldobler & Wilson, 1990 (H€ olldobler & Wilson, , 2009 . As hotspots of resources in their environment, ants fiercely defend their colonies using a wide range of weapons (e.g. gland secretions, mandibles, sting), which are deployed in the manner of coordinated attacks by legions of intercommunicating workers. Nevertheless, ant nests are also magnets for other organisms that have evolved means to overcome the hostility of the host ants. Thus, an estimated ca. 10 000 invertebrate species live as obligate social parasites of ants, able to penetrate and exploit the resources within host colonies in order to complete their life cycle (Thomas, Sch€ onrogge, & Elmes, 2005) . The large majority of these adaptations evolved in many separate lines, especially among Coleoptera, Diptera, Lepidoptera and other Hymenoptera, from a 10 times greater number of commensals or mutualists (Fiedler, 1998; H€ olldobler & Wilson, 1990; Nash & Boomsma, 2008; Pierce et al., 2002; Thomas, Sch€ onrogge et al., 2005) . All these myrmecophiles show morphological, behavioural, chemical or acoustic adaptations to interact with ants (Cottrell, 1984; Donisthorpe, 1927; Hinton, 1951; Lenoir, D'Ettorre, Errard, & Hefetz, 2001; Malicky, 1969; Wasmann, 1913; Wheeler, 1910; Witek, Barbero, & Marko, 2014) . Armour, stealth and the secretion of attractive food rewards are frequently sufficient for unspecific or facultative myrmecophiles to access the enemy-free spaces of ants. However, the subversion of the ants' chemical and/or acoustic signalling is generally required to enable true social parasites (sensu Nash & Boomsma, 2008) to live for long periods as undetected intruders in close contact with their hosts.
A key element of successful cohabitation in ant nests is to circumvent the host's ability to differentiate between nestmates and intruders. Nestmate recognition is a dynamic process, primarily based on the detection of distinctive species-or colonyspecific cocktails of cuticular hydrocarbons (CHC) covering the surface of all individuals (H€ olldobler & Wilson, 1990; Howard, 1993; vander Meer & Morel, 1998; Winston, 1992) . Social interactions such as allogrooming ensure an exchange between the CHC mixtures among nestmates and give rise to a shared CHC gestalt odour (vander Meer & Morel, 1998 
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